Traces the 12-year self-archiving policy journey of the original 107 publishers listed on the SHERPA/RoMEO Publisher Policy Database in 2004, through to 2015. Maps the RoMEO colour codes ('green', 'blue', 'yellow' and 'white') and related restrictions and conditions over time. Finds that while the volume of publishers allowing some form of self-archiving (pre-print, post-print or both) has increased by 12% over the twelve years, the volume of restrictions around how, where, and when self-archiving may take place has increased 119%, 190% and 1000% respectively. A significant positive correlation was found between the increase in self-archiving restrictions and the introduction of Gold paid open access options. Suggests that by conveying only the version of a paper that authors may self-archive, the RoMEO colour codes do not address all the key elements of the Bethesda Definition of Open Access. Compares the number of RoMEO 'green' publishers over time with those meeting the definition for 'redefined green' (allowing embargo -free deposit of the post-print in an institutional repository). Finds that RoMEO 'green' increased by 8% and 'redefined green' decreased by 35% over the 12 years. Concludes that the RoMEO colour codes no longer convey a commitment to green open access as originally intended. Calls for open access advocates, funders, institutions and authors to redefine what 'green' means to better reflect a publisher's commitment to self-archiving.
Introduction
The Rights Metadata for Open Archiving (RoMEO) database of journal publisher open access policies (SHERPA, 2016a) was introduced over a decade ago to provide authors with guidance as to whether and how they might self-archive their journal articles to make them available on open access (Jenkins et al, 2007) . In that time the database has grown from documenting the self-archiving policies of 107 publishers to 2,192 (as of April 2016) . To aid authors in selecting journals that had permissive self-archiving policies, RoMEO colour codes publishers 'yellow', 'blue', 'green' or 'white', based on the version of the paper (pre-print or post-print, both or none) they allow authors to selfarchive. Subsequently, 'Gold' was used to describe publishing in an open-access journal and 'Green' became a generic term to describe all author self-archiving, regardless of whether RoMEO coded the publisher policy green, yellow or blue (Harnad et al, 2004) . Over time, a publisher's commitment to open access has been characterised by whether they are gold, green, blue, yellow or white. To avoid confusion, throughout this paper Gold refers to publishing in an open access journal; Green refers to self-archiving an open access copy. Lower case 'green' refers to the RoMEO colour code for a publisher's self-archiving policy.
The RoMEO colour codes only refer to the version of a paper authors or their representatives may (or may not) self-archive immediately; they give no indication of the increasingly complex set of restrictions and conditions that typically surround that basic permission. This paper seeks to explore publishers changing attitudes towards so-called Green open access over a twelve year period. It does so in order to answer the research question: does the green RoMEO colour code still convey what it was initially intended to convey, i.e., full support for open access self-archiving? Or is it the case that some publisher policies give the illusion of full support (sufficient to secure RoMEO code green), but in reality the policies discourage self-archiving in a manner consistent with author preferences for discovery, preservation, reuse and increased impact (Fry et al, 2011; Spezi et al, 2013) . We seek to answer this question by analysing over a twelve year period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) the policy journey of the original 107 publishers listed on the RoMEO database in 2004, documenting not only the changes to their RoMEO colour codes over that time, but also the increasing range and complexity of restrictions and conditions their policies specify.
Background
Open access to the "royalty-free" literature (Suber, 2003) was advocated as a solution to two related problems facing the world of scholarly communication: access and impact (Harnad, 2008) . The access problem was the result of spiralling journal subscription costs, leading to cancelled library subscriptions. Scholars as readers could no longer access all the literature they needed, and consequently could not read and cite relevant papers. This lead to the impact problem: scholars as authors have unread and uncited papers, thus reducing their impact. Open access was given a firm foundation in 2002 through the Budapest Open Archive Initiative (BOAI) (2002) Declaration. The Declaration provided the first community-agreed definition of open access and was closely followed by the Berlin declaration and Bethesda definition, both in 2003. The key elements of these definitions were similar (but not identical as discussed below) leading Suber (2004) to refer to the three as the "BBB definition". The common elements were that the results of scientific enquiry should be freely available to anyone with an internet connection, and subject to permission-free scholarly re-use. The definitions were neutral as to whether this goal should be achieved through Green or Gold open access. However, at the time the development of Gold and hybrid open access journals was in its infancy. For authors who wished to make their papers available via open access, the only options were to post their open access copies to personal or departmental websites from which their work disappeared when they left the institution. (Xia, J, et al 2012; Harnad, 2011; ROARMap, 2016) , most of which mandates championed Green open access over Gold (Archambault et al, 2014; SPARC, 2016) . The ScienceMetrix report into The proportion of open access papers in peer-reviewed journals (Archambault et al, 2014) puts most of the early growth of self-archived papers down to "background growth" in scholarly publishing. Growth of self-archived papers plateaus from 2004 onwards. Between 1996 and 2012 the authors of the report estimate the growth rate of Green open access to be 8.8%. By contrast Gold open access has shown a growth rate of 24% over the same period. Laakso (2014) and Troll Covey (2009) have both demonstrated the large gap between the potential for self-archiving permitted by publisher policies and the actual self-archiving practice by scholars. Bjork et al (2014) estimated "realized [G] reen open access" at about 12% of total annual scholarly output which is a fraction of the 81% Laakso (2014) estimated was actually possible after embargos of up to 12 months.
A number of user studies such as those by Swan and Brown (2004) , Nicholas, Huntingdon and Rowlands (2005) and the PEER study (Fry et al, 2011) shed some light on the reasons for this slow adoption of self-archiving. The most recent study from the PEER project showed that "researchers who associated Open Access with 'self-archiving' were in the minority" and those that did so were more likely to belong to the Physical sciences & mathematics and the Social sciences, humanities & arts, than those in the Life sciences and the Medical sciences who are more likely to associate Open Access with Open Access Journals (Gold Road)". They deduce that authors prefer Gold because their first choice is to read and cite the 'version of record' complete with publisher formatting and pagination. They also found anecdotal evidence that authors thought making journal articles available via open access was "beyond their remit" and that "checking publishers' OA [open access] policies is the main barrier to authors managing the self-archiving process themselves". As a consequence, the task now usually falls to repository managers within institutions. An investigation by Research Consulting (2014) into the cost of complying with the UK funders' open access mandates estimated that the time taken to 'triage' each Green open access paper (including checking publisher policies) was 20 minutes at a cost of £12. They concluded that "efforts to cut the costs of Green OA are perhaps best focussed on two areas: making the deposit process as quick and easy for authors as possible; and working to achieve greater clarity in publisher policies." These are indeed worthwhile goals. However, authors who do self-archive often do so in breach of publisher policy, either unknowingly, through ignorance of the policy, or knowingly, in the belief that publisher reliance on their free gift of content will deter them from pursuing the breach (Troll Covey, 2009 ).
The RoMEO database of publisher open access policies was created to assist authors with the challenge of discovering and interpreting publisher policy. The original publisher listing was an outcome of the Joint Information Systems Committee (JISC) funded Rights Metadata in Open Archiving (RoMEO) project's analysis of 80 publisher copyright transfer agreements (Gadd et al, 2003) . At the end of the project, maintenance of the listing was taken on by the JISC-funded Securing a Hybrid Environment for Research Preservation and Access (SHERPA) project and developed as a service (SHERPA, 2016a). The database was recently assigned a "4/5"rating in the Technical Services Quarterly (Sullivan, 2014) , though in a recent survey of the usage of scholarly communication tools, only 9% of 11,250 respondents said they used the RoMEO database to select a journal to publish in (Kramer & Bosnen, 2016) .
One of the earliest activities undertaken by the SHERPA project team was the creation of a controlled vocabulary to define the various publisher positions and (in theory) to aid the future analysis of publishers' open access positions (Jenkins et al, 2008) . The controlled vocabulary took the Bethesda definition of open access (Suber et al, 2003) as the foundation for analysing publisher agreements and allocated each publisher a colour according to their adherence to that definition (Jenkins et al, 2007) . The key elements of the Bethesda definition of open access are that: i) a complete version of the work is archived, ii) with all supplementary materials, and iii) deposited immediately in iv) at least one online repository that is v) supported by an academic institution, scholarly society, government agency, or other well-established organization that vi) seeks to enable open access, unrestricted distribution, interoperability, and long-term archiving. Furthermore, the terms of use should vii) "allow all users a free, irrevocable, worldwide, perpetual right of access to, and a license to copy, use, distribute, transmit and display the work publicly and to make and distribute derivative works, in any digital medium for any responsible purpose, subject to proper attribution of authorship, as well as the right to make small numbers of printed copies for their personal use (Suber et al, 2003) ."
Whilst the RoMEO controlled vocabulary made use of many of the elements of the Bethesda definition in order to describe a publisher's open access policy, the colour codes made use of only one: the version of the work. Perhaps for simplicity, only two versions of scholarly papers were taken into consideration by the colour codes, namely, the "pre-print" and the "post-print" as defined in Figure 1 . A few years later, the NISO/ALPSP Journal Article Versions (JAV) Technical Working Group (2008) defined seven different versions of "scholarly journal articles that typically appear online before, during, and after formal journal publication". One of the key omissions from the versions addressed by the colour codes is the 'publisher version'. Indeed Bjork et al (2014) found that authors most commonly uploaded the "accepted manuscript [post-print] and published articles in almost equal proportions, whereas submitted manuscripts [pre-prints] constitute a smaller proportion of [G]reen OA copies." Arguably, the 'greenest' publishers are those that allow selfarchiving not only of the author's accepted manuscript, but of the fully formatted and paginated publisher PDF. Perhaps to make up for this, the RoMEO database does now provide a separate listing of publishers that allow the self-archiving of the publisher PDF (SHERPA, 2016a) . The other aspect of the Bethesda definition that the RoMEO controlled vocabulary took into consideration was the requirement that papers should be deposited immediately to qualify. As Jenkins et al (2008) put it, "embargoes are not compatible with the spirit and meaning of OA." They explain, "if a publisher allows the self-archiving of pre-prints, but also stipulates that the post-print can only be self-archived in a year's time, i.e., after a one year embargo, then that publisher is awarded the 'yellow' colour, but not the 'blue' or resulting 'green' colour." (Jenkins et al, 2007) . In an undated document explaining the RoMEO colours, SHERPA Manager Bill Hubbard makes a similar point: "Since an embargo effectively removes the right of an author to archive their work, even if temporarily, the publisher cannot be categorised as green or blue or yellow." The increase in the use of embargoes is one of the issues cited by the Science-Metrix report as a factor slowing down the growth in Green open access papers (Archambault et al, 2014) . It is therefore a critical component of any publisher open access policy colour coding.
There are two other key characteristics of the various definitions of open access that the colour codes never set out to address. The first, specified by the Bethesda definition and repeated by the Berlin declaration, is the requirement to deposit in "at least one online repository that is supported by an academic institution, scholarly society, government agency, or other well-established organization". The BOAI agreement speaks only of the need for "free availability on the public internet" (BOAI, 2002) . At the outset of open access developments, freeing the literature was the primary concern and the importance of discoverability and preservation were secondary issues. As the area has matured, the importance of these latter issues has become well understood, and the part played by institutional and subject repositories in ensuring long-term preservation and discovery is agreed to be critical (Bailey, 2001; Harnad, 2015) . Bjork et al (2014) found that 80% of papers in institutional repositories and 95% of those in subject repositories were still available after three years. Availability of papers on personal web pages after three years was much lower. The original RoMEO controlled vocabulary referred only to two different locations of deposit: a web page, or a non-commercial server. As will be seen in the Results section of this paper, the specificity of locations in publisher policies recorded in the RoMEO database increased dramatically over time.
The second key characteristic of the BBB definition of open access, and one highlighted by Suber (2004) as often overlooked, was the importance of liberal re-use rights. In fact, Suber (2004) coined the term libre open access to distinguish free-to-re-use papers from those that are only gratis open access: free to read. The BOAI (2002) defined the need for "users to read, download, copy, distribute, print, search, or link to the full texts of these articles, crawl them for indexing, pass them as data to software, or use them for any other lawful purpose". The Bethesda Statement (2003), adopted as the foundation for the RoMEO controlled vocabulary, went one step further and included the making and distributing of derivative works. Unfortunately, a publisher's position on re-use rights is not covered by the RoMEO database unless a publisher has specified restrictions on re-use as part of its self-archiving policy. Perhaps in an effort to address this need, the Scholarly Publishing and Academic Resources Coalition (SPARC) and the Public Library of Science (PLoS) Gold OA, and 58% expressed no preference…. 80% of policies specified that articles should be deposited in their final accepted version or post-print (Archambault, 2014) ." An analysis by SPARC found that only 20 of 79 funder policies (25%) indexed preferred Gold to Green (Proudman, 2015) . The Registry of Open Access Repository Mandates and Policies (ROARMap, 2016) classify funder mandates using 19 fields. Not all funder mandates are complex enough to require all 19 fields; however, re-use specifications, embargo specifications, repository type, version type and who can deposit are fields common to most mandates. In the UK, the introduction of the Higher Education Funding Council for England's open access policy (HEFCE, 2015) is likely to have the single biggest effect on academics' self-archiving practices in UK universities. In addition to requirements around the version of the paper (the author's peer-reviewed accepted manuscript), this policy specifies requirements around the when (acceptable embargo periods), the where (deposit in an institutional or subject repository), and the re-use rights they expect papers to have met in order to be submitted as part of the next Research Excellence Framework (REF) exercise which allocates quality-related research funding to UK universities. (HEFCE, 2014) To summarize, the RoMEO colour codes address and convey the version of a paper that can be selfarchived immediately, but they do not address or convey other important aspects of Green OA, such as where a paper may be self-archived immediately or with what re-use rights. Despite this, the RoMEO colours are perceived as a grading system for a publisher's commitment to open access. Publisher policies coded green win favour from authors and funders alike, and some scientific studies use a journal's RoMEO colour code as the sole indicator of its openness to self-archiving (see, e.g., Miguel et al, 2011) . One of the main reasons for this is the simple hierarchy of the colours chosen and the language used when describing them. Early discussions around green open access describe it as "giving the green light" to author self-archiving (Harnad et al, 2004) . Some have referred to "solid", "dotted" and "pale" green as variations (Bailey, 2001 ). Blue and yellow are considered to be component, but lesser, parts of green (Jenkins et al, 2007) . White is colourless and to be avoided. The early documentation around the colour codes talks about 'awarding' (Jenkins et al, 2007) or "assigning" (Hubbard, [n.d.] ) publishers a colour as some kind of badge of honour. Sullivan's (2007) review of the RoMEO service summarises the perception well when she states: "[g]reen is the most desirable…and white is the most restrictive." It is therefore in publishers' interest to be seen as a 'RoMEO green' publisher or at least to allow some form of self-archiving. Not surprisingly, the overall percentage of all publishers on the RoMEO database allowing some type of self-archiving is increasing, and the percentage of white publishers is decreasing (see Figure 2) . It should be noted that the percentage of green publishers has been steadily increasing since 2011 but has never returned to the peak of 2005 which was perhaps characterised by an influx of early adopters. Though this situation looks promising for authors and funders who seek to increase the accessibility of the journal literature, the question remains as to whether what is allowed really serves the interests of open access as originally defined or the practices preferred by authors and repository managers or mandated by funders and institutions. This paper examines the changes in publisher open access policies over a period of twelve years, since the inception of the RoMEO journal publisher policy database, to try to discern publishers' commitment to the self-archiving of open access copies in a manner consistent with institutional and funder mandates and author preferences for discovery, preservation, reuse and increased impact. It does this by tracing the policies of the original 107 publishers listed on the database in 2004, plotting not only their RoMEO colour codes, but also any restrictions and conditions placed on author self-archiving over time. A full list of the publishers included is given in Appendix 1.
Methodology
The only publicly available source of historical publisher open access policy information is the archives of the RoMEO database created by the Internet Archive "Wayback Machine" (Anon, 2016) . The Internet Archive is a non-profit organisation founded in 1996 to build an Internet library. As such, it periodically crawls for updates to web pages. There are no documented selection criteria for, or pattern to, the crawling activity so inclusion in the Archive is not guaranteed. The RoMEO database provides both colour codes and policy summaries (listing the restrictions and conditions) for each journal publisher. Until 2010, these both appeared on a single page A-Z listing. However, from 2010 onward, the single page A-Z listing only provided the colour codes and a link to a policy summary page for each individual publisher. The Internet Archive was searched for archived full A-Z listings from the http://www.sherpa.ac.uk/romeo website. At least one full list was available for each year from 2004-2015 giving the overall RoMEO colour codes. However, the changes in 2010 meant that no policy summary data was available for that year and was very patchy during 2011 and 2012. Where no summary was available for a particular publisher in a particular year, the last known policy summary for that publisher was carried forward. Of the 1177 publisher policy summaries Allows some form of selfarchiving
Total number of publishers on RoMEO database (from 107 publishers over the 11 years available), 118 (10%) were missing, mainly from 2011 and 2012. In 39 of these cases, the policy summaries pre-and post-the missing years were identical or revealed only one change (e.g., the introduction of paid open access). This reduces the unknown policy summary information to 6.7% and increases confidence that no significant policy changes were missed in the intervening period. Nevertheless, the results presented here slightly underreport the volume of policy changes rather than over-report them. During the period studied, five of the original 107 publishers merged with, or were acquired by, larger publishers. Whether or not they adopted the policy position of the new publisher they all retained their own entry on the RoMEO database, the contents of which were used for this study. Fortunately, none of the original 107 publishers ceased trading during the studied period.
The reason for studying the original 107 publishers on the RoMEO database rather than taking a sample of publishers from each year was because the original set of publishers is the only group for which twelve years-worth of data was available, enabling us to trace changes to their policies over a significant period of time. The other benefit of this method was that, unlike other studies (e.g. Miguel et al (2011) and Laakso (2014)) which only examined the policies of larger publishers (i.e., mainly commercial publishers based in the UK or USA), this group represented a range of publisher types, sizes and nationalities.
Investigations were undertaken to assess how representative the 107 publishers were in terms of size, nationality, and publisher type. Using the Ulrichs Global Serials Directory, the number of current active titles for each of the 107 publishers was determined in February 2015. Where a publisher had merged with another and became an imprint of the larger publisher, the number of titles with the imprint was counted. Where a publisher had merged and no record remained of its former title list, the number of titles belonging to the new host was counted. If a publisher wasn't listed on Ulrichs, a web search was performed to determine the number of titles owned by that publisher. Clearly this does not represent the total number of journals each publisher had during the ten year period, but serves as an indication of size for the purposes of analysis.
As Ware and Mabe (2009) have noted, journals are not evenly distributed across publishers. They write, "at one end of the scale, 95% or more publish only one or two journals, while at the other end, the top 100 publish 67% of all journals. The top 5 publish nearly 35% of journals, while three publishers (Elsevier, Springer, and Wiley-Blackwell) have well over 2000 journals each." The 107 publishers studied here publish a total of 20,815 titles -31% of the 66,951 active, scholarly, peerreviewed titles that Ulrichs listed in February 2015. Figure 3 illustrates the spread of titles across the publishers in this study using a logarithmic scale. It follows the expected skewed distribution, however does not have the long tail of publishers with one to two titles each. In our sample of 107 publishers, the top 5 publish 53% of the 20,815 titles, the top 10 publish 74% of the titles; 11% publish only one or two titles. The data suggest that the early adopters of open access self-archiving policies were more likely to be or to become rather prolific publishers.
Figure 3 Distribution of journal titles across the 107 publishers studied.
Publishers were categorised according to whether they were commercial, learned society, university presses or 'other'. Table 1 indicates the distribution of titles by publisher type and compares the percentage of title distribution with Ware and Mabe's analysis (2009) of title distribution in the Thomson-Reuters Journal Citation database. Unfortunately the number of publishers is not provided by Ware and Mabe's study. However, it can be seen that the title distribution among the publishers studied here is different. The learned societies in our sample published only 10% of the titles covered, although they represented over half of the publisher sample. As Ware and Mabe noted, 95% of publishers only publish one or two titles and are likely to be learned society publishers. As many studies to date have only focussed on the larger journal publishers, the inclusion of so many learned societies in this study sample provides a more thorough representation of publisher selfarchiving policies. The geographical locations of the 107 publishers are listed in Table 2 alongside the proportion of publishers in the current RoMEO database with the same nationality. This study categorised three publishers as multinationals (Elsevier, Sage and Taylor and Francis), although the RoMEO database 1 10 100 1,000 10,000
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Publishers lists these as US, UK and UK publishers respectively). The majority of the remainder are based in the USA (57%) and the UK (30%). However seven other countries were represented which provides an international perspective. According to the April 2016 RoMEO statistics, the USA accounts for 24% of the publishers listed, and the UK 12% (SHERPA, 2016a), which means these countries are somewhat over-represented in this study. Forty-seven per cent of publishers currently on the RoMEO database are from countries not represented by the original 107, indicating that the international coverage of the RoMEO database has increased dramatically since its inception in 2004. The sample of 107 publishers in this study is not representative of all publishers when compared to the data sources we have. However, the preliminary analysis of the sample sheds some light on the character of early adopters of open access self-archiving policies.
This study
As Laakso (2014) found, one of the key challenges regarding the use of the RoMEO database for studies of this kind is that, despite the best intentions of the original controlled vocabulary, metadata is not stored in any structured way. However, it is "the most comprehensive service of its kind" and the only publicly available source of historical publisher policy information. Thus, the policy position data extracted from the Internet Archive,was manually coded according to what version of a paper could be archived, where, when, under what conditions or restrictions, and in what context (e.g. whether the publisher offered paid open access options). A list of the policy positions that were coded is provided in Appendix 2. The policy information was coded three times on separate occasions to ensure the highest levels of accuracy and consistency. The dataset will be made freely available on Loughborough University Data Archive (Loughborough University, 2016) once the analysis has been completed. Figure 4 shows the changes in RoMEO colour codes of the original 107 publishers over the twelve year period. In line with the overall trends illustrated in Figure 1 , there has been an upward trend in the growth of green publishers from 48 to 52 (a 4% increase) and a decrease in 'white' from 28 to 23, yielding a 12% increase from 2004 to 2015 in the number of publishers allowing some form of self-archiving. To better understand the significance of the RoMEO colour codes, if a publisher was coded 'white' but allowed self-archiving in some form under a restriction or condition which prevented the allocation of another colour, this was coded into the dataset. The number of 'white' publishers allowing some form of self-archiving grew significantly over the period from zero in 2004 to 14 in 2015. The number of publishers either allowing or insisting on the use of the publisher PDF also increased during this period. In 2004, only 17 publishers permitted this (16%), two of which were the Gold open access publishers Biomed Central and Hindawi Publishing; by 2015, 39 publishers (36%) allowed this, although with increasing numbers of restrictions and conditions as outlined below. By the end of the studied period, 97 of the original 107 publishers (91%) listed on the RoMEO database in 2004 allowed self-archiving of some description.
Results

What can be self-archived: changes of RoMEO colours over time
Figure 4 Changes in RoMEO colours for the publishers studied
The total number of publishers that made a change to their policy resulting in a change of RoMEO colour code during the studied period is illustrated in Table 3 . It shows that 47.7% of the publishers made at least one change. Fourteen per cent made two or more changes over the twelve years. A more detailed analysis of publisher RoMEO colour code changes over time has been performed by Troll Covey (2013) . Table 3 The number of changes to RoMEO colours for the publishers studied between [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] Restrictions & conditions -the where, when and how of self-archiving
The RoMEO colour codes refer to what version of a paper can be self-archived immediately (preprint, post-print, both or neither). Figure 5 illustrates the number of restrictions and conditions listed in the RoMEO publisher policy data relating to the where, when and how of self-archiving. This analysis was done at a publisher level to make it viable, however in some cases (and increasingly over time as will be seen below) publisher policies varied according to the journal. The figure plots the number of restrictions and conditions specified in the RoMEO publisher policy summary against the background context of the number of publishers offering paid open access options such as Gold or hybrid journals. Just as there is an upward trend among these 107 publishers in the number of publishers allowing some form of self-archiving (Figure 4) , there is also a year-on-year rise in the number of restrictions and conditions constraining the right to self-archive and the offer of paid open access options. See Appendix 2 for a full list of coded restrictions and conditions. By the end of the study period, many publishers had a range of circumstancedependent or 'linked' embargoes. Circumstances might include whether a paper was funded by a particular funding agency, or where the paper was to be archived. Embargo periods are explored further below.
Restrictions relating to where a paper may be archived were even more prevalent and followed a similar growth pattern, again because of linked restrictions, e.g., an embargo on when an open access copy is allowed in an institutional repository. In 2004 there were 56 policy items relating to where a paper could be self-archived. After a leap in 2007, 190 policy items were recorded in 2015 -a growth of 190%. The types of permitted locations developed over time, and interpreting the meaning of the policy description was not always straightforward.
By far the tallest bars on the chart are those relating to the additional restrictions and conditions authors must adhere to in order to comply with a publisher's open access policy. These grew from 112 in 2004 to 246 in 2015 -a growth of 119%. Nineteen different restrictions and conditions were coded overall, but the linking of these restrictions with the where and when of self-archiving meant that rarely did any two publishers adopt the same approach -a situation no doubt confusing to authors and likely to discourage them from self-archiving or from caring about compliance with publisher policy. Figure 6 illustrates the growth in the number of publisher imposed embargo periods over the twelve year period. The numbers do not coincide with the when data in Figure 5 , as that data includes other restrictions around when a paper can be self-archived, such as 'post-publication'. Once again, some publishers have more than one embargo depending on the circumstances, so these data indicate incidences of embargoes, rather than the number of publishers with embargos. The black line shows the rise in circumstance-linked embargos, which accounts for much of the growth.
When -an analysis of embargo periods
Figure 6 Growth of embargo periods over time
The growth in the number of imposed embargos was rapid until 2008, and thereafter held rather steady until 2012, when it began to accelerate again. The apparent plateau between 2011 and 2012 may be due to the missing data points on these dates as described above. After a fairly even split between 6 month and 12 month embargoes in 2005, by 2015, 62% of embargos were for 12 months, which seems to be becoming the industry norm in conformance with funder mandates. In 2015, 31 of the 61 linked embargoes were the result of funder mandates. Medical and biological science funders such as the National Institutes for Health (NIH), Wellcome Trust, the Biotechnology and Biological Sciences Research Council (BBSRC) and the Medical Research Council (MRC) were often mentioned by name in publisher open access policies, as was PubMed, their repository of choice. A further 23 of the 61 linked embargos related to where the paper is self-archived, of which 12 related to deposit in an institutional or subject repository, three in a designated funder repository, and three in any open access repository.
Where -an analysis of permitted self-archiving locations To better understand publisher requirements regarding where open access copies may be made available, an analysis of deposit location terminology was performed. See Figure 7 . Not all policy summaries used the same terms, so we manually categorised and coded for this analysis. Only locations in which the publisher permitted some form of deposit were coded.
Figure 7 Occurrences of location terms for acceptable deposits of open access copies
The prevalence of terms specifying acceptable locations for open access copies has increased over time, again mainly because of the linking of embargo periods with particular locations. The most common term, and the one showing the greatest growth, was that of the personal web page. In many cases a publisher would move away from a more restrictive position (e.g., from RoMEO 'white' to another colour code) simply by allowing authors to self-archive a version of their paper immediately on a personal web page alone. Approximately 10% of publishers each year "earned" their colour by allowing authors to self-archive on a personal web page alone; about 25% only allowed self-archiving on a personal or institutional web page, but not in any form of repository. Note in Figure 7 that the locations preferable to authors or their funders and institutionsinstitutional, subject or funder-designated repositories (Fry et al, 2011; Harnad, 2015; HEFCE, 2015) -are mentioned far less frequently than personal web pages as permitted locations. institutional repositories. However in many cases, this was again the result of publishers placing an embargo on deposit in institutional repositories. Indeed, by 2015, 28 of the 42 occurrences of the term 'institutional repository' (two-thirds) were linked to some form of restriction on their use. In 2004 there were no mentions of funder designated repositories or subject repositories. However, by the end of the twelve years, there were 13 references to the former and 22 references to the latter.
Interpreting the meaning of the location terms used in RoMEO policy summaries was challenging. For example, in the first six years (2004) (2005) (2006) (2007) (2008) (2009) , the term "institutional server" was more prevalent than "institutional web page". In the latter five years (2011) (2012) (2013) (2014) (2015) , the prevalence of each term was reversed. Whether publishers simply replaced the term "server" with "web page", believing them to be synonymous, or whether they perceived the terms to mean two different locations is unclear.
The growing number of references to institutional repositories in 2011 suggests that publishers not using this term probably did so deliberately, believing an institutional web page or server to be something significantly different from a repository. Indeed, some publishers placed an embargo on repository deposits but permitted immediate deposit on an institutional web page. However, this is by no means certain, and no advice on interpreting the publishers' terminology is provided by the RoMEO database.
How -an analysis of the additional requirements of publishers
Other studies have examined the when and where of self-archiving from different perspectives (Laakso, 2014; Bjork et al, 2014) , but there is very little in the literature about the plethora of additional demands that publishers place on how authors are to self-archive their work (Troll Covey, 2013) . These demands might include acknowledging the publisher, perhaps with a set statement, linking to the publisher version, removing the pre-print on publication of the post-print, and so on.
(A full list of the requirements coded in the study is provided in Appendix 2.) As Figure 5 shows, the number of these requirements outstrips those around the when and where. Too often, these demands fall to an institutional repository manager to meet, rather than the authors themselves, and there is evidence that this can be particularly onerous (Boyes, 2015) . Indeed the Research Consulting study (2014) found that "several institutions participating in [their] project raised the question of whether libraries' current role in rigorously policing individual deposits to ensure compliance with publisher policies is sustainable as volumes increase". Figure 8 provides a breakdown of the most prevalent additional requirements.
Figure 8 Occurrences of additional publisher restrictions and conditions in RoMEO publisher policies
Unlike the when and where analyses, it was less likely for a publisher to link a requirement as to how a paper was to be self-archived to another aspect of their policy. The main exception to this was where permission was only granted if research was subject to a funder mandate, in which case an embargo and funder designated repository were often specified. As a result, we see some publisher requirements reaching a plateau over time, or even diminishing. Acknowledging the publisher was the most common requirement. By 2015, 63 publishers requested this (59%) and for 35 of these (33% overall) a set phrase was required. This is significant because a repository manager could create a generic coversheet for institutional repository papers to acknowledge the publisher, but the requirement of a set phrase makes standardizing this task impossible. The requirement to link to the published version also grew over the period and seems to have plateaued in 2014-15 at 44%.
Other requirements were less prevalent and show no signs of growth, but still create additional work for a repository manager because they do not apply to all papers. These include a requirement for a fee to be paid if an author wants to make their paper available earlier than the embargo period or wants to use the publisher PDF; a requirement to remove the pre-print once the post-print is available; and a requirement to notify the publisher of the location of the pre-print or post-print. In Re-use requirements specified addition to the generic restrictions and conditions listed on a publisher's policy summary, some summaries indicated that the publisher policy varied according to the journal. As Waajters et al (2008) have commented, "there are more policies than publishers as some publishers even apply a different policy to the different journals they publish". Among the 107 publishers studied, this peaked in 2011-12 at 18 and dropped to 15 publishers (14%) in 2015.
Interestingly, the number of publishers specifying particular re-use requirements has grown over the period but remains low. In 2004, only two publishers restricted re-use of the self-archived papers and the restrictions were not specified in the RoMEO policy summary. By 2015, ten publishers specified re-use requirements, mainly in response to funder mandates requiring that use of papers arising from their funding be licensed under specific Creative Commons (CC [n.d.]) licences. However, some of the licences specified would not meet funder requirements. Indeed, four different CC licences were listed in 2015, including two publishers opting for the most restrictive CC-BY-NC-ND licence, which requires author attribution, allows only non-commercial re-use, and prohibits the creation of derivatives -restrictions that do not comply with the Bethesda definition of open access.
Discussion -What should green mean?
It has been demonstrated that the Bethesda definition of open access includes elements not taken into consideration by the RoMEO colour codes. These include the need for immediate (embargofree) deposit in an open-access repository under liberal re-use conditions without having to seek permission. Neither do the RoMEO colour codes address the strong preference of academic authors and other users to read and cite the version of record (Fry et al, 2011) , i.e., the publisher PDF. The evidence presented in this paper demonstrates how publishers have in theory become 'greener' over time by allowing some sort of self-archiving while simultaneously increasing restrictions around the when, where and how of self-archiving. The complexity and variety of publisher self-archiving policies make compliance ever more difficult for academic authors or their representatives, at best discouraging the practice they purport to support; at worst engendering disrespect for those policies.
The growth of embargo periods since the inception of the RoMEO database has been considerable, and, as Jenkins et al (2008) have noted, goes against the "spirit and meaning of open access". Set against a backdrop of ever-increasing paid Gold open access options, it is not surprising that publishers would simultaneously seek to withdraw a free product (immediate open access) that they are also trying to sell through hybrid or gold OA journals. As Troll Covey (2013) has noted, "Publishers impose embargoes on self-archiving purportedly to avoid cancelled subscriptions and recoup costs. However, the convergence of embargoes and paid open access options suggests not cost recovery, but a new revenue stream."
Remarkably, the growth in embargo periods has not caused a reduction in publishers being allocated a RoMEO colour code -quite the opposite. The way many publishers have achieved this is to link embargo periods with deposit in a repository (a preferred location stipulated in the Bethesda definition of OA) , while still allowing authors to either self-archive immediately on a personal web page only (10% of publishers) or on both a personal and institutional web page (25% of publishers).
Indeed the number of mentions of personal web pages was the greatest and fastest growing location of deposit over the period studied. Of course, self-archiving on web pages reduces the discoverability and permanence of the paper. The growth in the number of publishers allowing the deposit of the publisher PDF was encouraging, but again there were considerable restrictions around this.
To assess publisher compliance with the Bethesda definition of open access and alignment with authors' preference for providing open access to the post-print version of their papers, if not the publisher PDF, we redefined what it means to be green and conducted an analysis comparing 'redefined green' and the original 'RoMEO green'. The conditions for 'redefined green' were that a publisher offered immediate (embargo -free) deposit of the post-print in an institutional repository without any requirement to notify the publisher they have done so. The results are shown in Figure  9 . As many authors have a strong preference for the version of record, i.e., the publisher PDF, the chart also shows where a publisher allows the self-archiving of the publisher PDF under 'redefined green' conditions Figure 9 . The trajectory of 'RoMEO green' and 'redefined green' over time. For the 107 publishers studied, the trajectory of RoMEO 'green' is rather stable or slightly upward over time with an overall increase of 8%. The trajectory for 'redefined green' is strikingly different, far lower in comparison and declines by 35% over time. Interestingly, the trajectory for the number of 'redefined green' publishers allowing the self-archiving of the publisher PDF is increasing. This may indicate that publishers allowing self-archiving in repositories have recognised that this is not a threat to their business model. As Fry et al (2011) found, "Open Access Repositories are perceived by researchers as complementary to, rather than replacing, current forums for disseminating and publishing research."
Conclusions and recommendations
The data strongly suggest that achieving RoMEO green status has become a target for publishers rather than a commitment to open access per se. This is not a surprise. For most publishers and learned societies, publishing is primarily a commercial or income-generating activity, and the threat of unfettered open access to their commercial interests has been much discussed. However, the original purpose of the RoMEO colour codes was to categorise a publisher's commitment to Green open access. By failing to address some of the key elements and developments in the Bethesda definition of open access, the system enables publishers to be perceived as meeting the highest standard, 'green', without allowing authors to achieve the highest levels of openness, discoverability, permanence and re-use. In answer to our original research question, it is apparent that in many cases changes to publisher open access policies over time enable the illusion of full support (sufficient to secure RoMEO code green), but in reality discourage self-archiving in a manner consistent with author preferences for discovery, preservation, reuse and increased impact.
Colour-coding open access implies that there is a hierarchy: the Gold route of open access publishing being the pinnacle of achievement and the Green route of self-archiving, particularly RoMEO green, being the next best thing and RoMEO white the worst. This is not borne out in practice. Many Gold open access publishers charge unaffordable Author Processing Charges that are not welcomed by the scholarly community (Pinfield et al, 2015) . Some RoMEO green publishers are fairly restrictive about the self-archiving they permit. Some white publishers actually allow self-archiving. The vast majority of publishers in this study are introducing an ever-increasing range of restrictions and conditions making compliance with their policies by authors or repository managers almost unmanageable. The four RoMEO colour codes imply that there are four key open access positions. In fact, the current situation is far more complex. Indeed, one of the critical elements of open access -liberal re-use -is not systematically included in the RoMEO policy summaries at all.
We recommend that open access advocates, institutions, funders and authors revisit together the open access future they would like to see, and create a new grading system to define and guide that future. The result might not be a series of four colour codes, but a spectrum, as with the Open Access Spectrum Evaluation Tool (SPARC, 2016) . The response of publishers to funder mandates and their apparent gaming of the RoMEO colour codes demonstrate that their policies are not so much a statement of principle, but a pragmatic approach to a changing open access environment. If scholars, institutions and funders work together to devise and implement a new grading system for publisher open access policies and practices, they could create the conditions that enable open access to achieve its full potential to increase the impact of scholarly work and accelerate advances in the disciplines.
